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© Method of bonding two bodies using an adhesive, and a composite body. 

© By using an adhesive layer (9) between a mount (3) and an optical component (5), which adhesive layer 
comprises liquid crystalline monomers, the polymerization shrinkage can be minimized in the desired directions 
X and Y if the monomers are oriented in the Z-direction by an external field before they are polymerized. 



< 

CO 

I** 
CO 



Q. 
UJ 




FI6.1 



Xerox Copy Centre 



BNSDOCID: <EP 0367341 A 1 J_> 




EP 0 367 341 A1 



Method of bonding two bodies using an adhesive, and a composite body. 

The invention relates to a method of bonding two bodies using an adhesive, in which adhesive is 
applied between the two bodies which are then positioned relative to one another, after which the adhesive 
is made to cure. 

The invention also relates to a composite body comprising at least two parts, at least two parts of which 
5 are bonded by means of an adhesive bond. 

A method of bonding two bodies, one body being an optical component such as a mirror or lens, and 
the other body being a mount, is described in European Patent Specification EP 0090218. The mount is 
provided with a bore in which the optical component is fitted, a slot being formed between the inner wall of 
the mount and the outer wall of the optical component. This slot is completely or partly filled with adhesive. 

10 Such optical assemblies are used, for example, in optical disc players. In these devices it is important 
that the optical parts are properly positioned relative to each other. Important in this connection is the 
positioning accuracy in the direction of the optical axis (Z-direction) of the optical assembly, in the 
directions of two axes (X- and Y-direction) extending perpendicularly to the optical axis and to one another, 
and in the directions of rotation about the latter axes. 

75 The well-known method has the disadvantage that the curing of the adhesive between the optical 
component and the mount may bring about relatively large displacements of the optical component in the 
Z-direction due to the inevitable shrinkage of the adhesive layer during curing. Moreover, due to the 
occurrence of shrinkage stresses in the layer of adhesive there is a considerable chance that the optical 
component will tilt about the axes extending in the X- and Y-direction. In general, chemically-hardening 

20 adhesives comprising no or little solvent are used to cement such optical components to each other, which 
adhesives are based on a polymerization reaction of reactive monomers or oligomers. During this 
polymerization or curing reaction, which can be induced by light or heat, a volume reduction of the adhesive 
layer occurs which leads to shrinkage and shrinkage stresses in the adhesive layer. In order to manufacture 
accurate optical assemblies, so far, mechanical measures have been proposed, as described in U.S. Patent 

25 4,750,826, in which one of the walls to be cemented comprises ribs to which adhesive is applied. In U.S. 
Patent 4,776,670 a description is given of a holder which is triangular in cross-section and which has 
deformable side walls. In the U.S. Patent 4,818,069 it is stated that profiles are provided in the surfaces to 
be cemented. These mechanical solutions, however, do not solve the underlying cause of the problem, 
namely the shrinkage of the adhesive layer during curing. 

30 It is an object of the invention, inter alia , to provide a method of the type mentioned in the opening 

paragraph, in which the two bodies to be cemented to each other are very accurately positioned relative to 
one another because the shrinkage and shrinkage stresses in the adhesive layer are small. 

According to the invention, this object is achieved by a method as described in the opening paragraph, 
which is characterized in that the adhesive comprises liquid crystalline monomers. The advantage of using 

35 liquid crystalline monomers is that the monomers order themselves relative to each other, so that prior to 
polymerization they have a higher density than the customary isotropic monomers. Due to this, this type of 
materials has a smaller overall- volume shrinkage than polymerized isotropic monomers. 

The adhesive which comprises liquid crystalline monomers is applied in a customary manner by 
applying one or more drops to a surface of one or both of the bodies to be joined. In the case of a narrow 

40 slit between the two bodies to be joined, use can be made of the capillary action of the slit. 

According to the invention, a suitable embodiment of the method is characterized in that a di-(meth)- 
acrylate is used as the liquid crystalline monomer. Suitable liquid crystalline di-acrylates are shown in 
general formula 1 of the formula sheet In this formula: 
R is a hydrogen atom or a methyl group, 

45 R is a hydrogen atom, an alkyl group having 1-4 carbon atoms or a halogen atom, 
A is an oxygen atom or the group 
O 

-o- c 

B is the group 
so O o 

-O- C - or - C -O, 
m has the value 1-15 
n is 0 or 1. 

An exponent of these di-(meth)acrylates is shown in formula 2 of the formula sheet. Other suitable liquid 
crystalline di-(meth)acrylates are stated, in, for example, European Patent Application EP 261712 (PHN 
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11 855) wherein the method of preparation is also described. Other suitable liquid crystalline monomers are 
epoxides which are represented by formula 3 of the formula sheet. In formula 3, X is a group which is 
represented by one of the formulae 4 up to and including 8 of the formula sheet, wherein p has a value of 
from 0-20 and M is a mesogenic group, a few examples of which are represented by formulae 9 up to and 
including 12 of the formula sheet. Other suitable liquid crystalline monomers are vinyl ethers and thiolene 
systems which are represented by the formulae 13 and 14a. 14b. respectively, of the formula sheet In 
these formulae. X and X' have the above-stated meaning of X and M and M have the above-stated 
meaning of M. The value of p is 0-20. To polymerize the thiolene systems the monomers of formulae 14a 
and 14b are admixed in equirnolar quantities. 

To initiate the polymerization reaction of the (meth)acrylates and thiolene systems, the liquid crystalline 
monomers are mixed with 1 to 2% by weight of a radical initiator such as. for example, Darocur 1173 
(Merck- formula 16 of the formula sheet) and Irgacure 651 (Ciba-Geigy; formula 17 of the formula sheet) 
which are both photoinitiators or benzoyl peroxide which is a thermal initiator. Cationic initiators, for example 
Degacure Kl 85 (Degusa; formula 18 of the formula sheet) are used to cure epoxides and vinyl ethers. 

According to the invention, a preferred embodiment of the method is characterized in that the liquid 
crystalline monomers are oriented by an external field of force before the adhesive is left to cure. Because 
of the high mobility of the relatively small molecules of the liquid crystalline monomers a very rapid 
substantially instantaneous further orientation of the molecules can be obtained by using an external field of 
force The external field of force may be an electric or magnetic field whose direction can be readily 
adjusted so that any specific orientation of the liquid crystalline monomers can be obtained. It is also 
possible to previously rub the surface to be cemented in one direction, so that the liquid crystalline 
monomers will be oriented in the direction of rubbing. The surface to be cemented may be first prov.ded 
with a suitable polymer orientation layer such as polyimide. The liquid crystalline monomers can alter- 
natively be oriented by previously providing microgrooves or a sitane on the surface to be cemented. 
During polymerization, the field is maintained so that the molecules cannot become disonented. Due to the 
additional ordering, the linear shrinkage perpendicular to the direction of orientation is less than the linear 
shrinkage in the direction of orientation. This can be attributed to the fact that in the direction perpendicular 
to the direction of orientation the monomer molecules are already densely packed, which hardly changes by 
polymerization. In many applications the inaccuracies or stressses are introduced by the linear shrinkage in 
one or two directions, so that the orientation of the monomers can be dramatically improved by applying the 

proper external field of force. , . . 

A practical embodiment of the method according to the invention is characterized .n that the curing is 
carried out by means of exposure to UV light. For this purpose, the adhesive comprising liquid crystalline 
monomers contains an above-mentioned radical or cationic photoinitiator. As a result of exposure the 
photoinitiator decomposes into radicals or in a cation which initiate(s) polymerization of the monomers The 
use of UV light of course requires that at least one of the bodies to be cemented is transparent to UV light 
or that the adhesive layer is othewise accessible to UV light. In the case of applications in optical 
assemblies this requirement is mostly fulfilled. 

The invention further relates to a composite body comprising at least two parts, at least two parts of 
which are bonded by means of an adhesive bond, and is characterized in that the adhesive bond comprises 
an oriented polymer. The orientation of the polymer is selected such that shrinkage and shrinkage stresses 
are least desirable in directions perpendicular to the orientation of the polymer. To obtain an oriented 
polymer the above-mentioned methods may be applied. The two parts of the composite body exhibit a high 
degree of positioning accuracy relative to one another because of the very small shrinkage dunng curing in 
« the directions which are important to the positioning. The shrinkage stress in the adhesive layer is also very 
small Such accuracies are important in the above-mentioned optical disc players such as Laser Vision and 
Compact-Disc players in which positional accuracies of a few tenths of one micron and angular accuracies 
of 10-* to 10" 6 rad. are required. In this case, optical components such as lenses, mirrors, pnsms and 
lasers in a suitable mount are concerned. 
50 Although the said examples are all about optical assemblies, it will be obv.ous to those skilled in the art 
that the method according to the invention can also be applied to all adhesive bonds which requ.re a high 
positioning accuracy. As has been stated above, in the case of untransparent bodies the liquid crystalline 
monomers can be cured by using a thermal initiator such as benzoyl peroxide. To improve adhes.on. 
adhesion promoters may be added, for example silanes. 
ss The invention will be explained in greater detail by means of exemplary embodiments and with 
reference to the accompanying drawings, in which 

Fig 1 is a diagrammatic sectional view of an optical assembly, and 

Fig. 2 diagrammatically shows an arrangement for measuring the shrinkage of the curing adhesive. 
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Example 1. 

In Fig. 1, reference numeral 1 denotes a section of an optical assembly 1 comprising a synthetic resin 
mount 3 (polypropylene oxide) and a glass lens 5 having an optical axis 6. An adhesive is prepared which 

5 consists of a compound of formula 2 of the formula sheet and 2% by weight of Darocur 1 173 (Merck). The 
adhesive has liquid crystalline nematic properties in the temperature range of from 78 to 161° C An inner 
wall 7 of the mount is rubbed with a non-fluff velvet cloth in a direction Z which extends parallel to the 
optrcal axis. A cartesian coordinates system is shown at one side of the drawing, wherein 2 extends parallel 
to the direction of the optical axis 6. Instead of velvet, other materials such as paper gauze or coton may 

io alternatively be used. After the said adhesive is provided on the periphery of the lens, the lens is positioned 
in the mount in a customary manner. An adhesive layer 9 is present between the periphery of the lens and 
the inner wall of the mount. The assembly 1 is then heated to a temperature of 80° C. The monomers in the 
adhesive layer become oriented in the direction of rubbing 2. Subsequently, the adhesive layer is exposed 
to UV light of 360 nm for several minutes. The U.V.-light power of the low-pressure mercury-vapour lamp to 

rs which the adhjesive is exposed is 5 mW/cm 2 . As a result of exposure the monomer molecules in the 
adhesive layer 9 which are oriented in the direction of rubbing, thereby fixing the orientation. The molecular 
axes of the polymer molecules are directed in the direction of rubbing Z. Due to the fact that the shrinkage 
perpendicular to the molecular axis is small, the polymerization shrinkage in two of the three main directions 
is small, namely in the X and Y direction. By choosing the direction of orientation of the molecules it 

20 becomes possible to select a surface having little shrinkage in both directions. 

Example 2. 

25 The polymerization shrinkage of curing monomers is measured by means of an arrangement as shown 
in Fig. 2. A glass plate 3 is located on a heating stage 1. A spacer 5 having a thickness of 450 urn is 
arranged on the glass plate along the periphery. After a drop of the adhesive 9 to be measured is applied to 
the glass plate, a thin reflecting metallized glass plate 7 is provided on the spacer. The adhesive has the 
same composition as in example 1. The volume of the drop of adhesive is 0.002 cm 3 . The drop contacts 

so both the glass plate 3 and the metallized glass plate 7. By means of the heating stage the temperature of 
the drop is increased to 100° C. The entire arrangement may be located between magnet poles (not shown) 
having a field strength of 10 kGauss. Measurements conducted by means of a polarizing microscope have 
shown that this field strength is sufficient to orient the liquid crystalline monomers. The drop is exposed by 
means of a low-pressure mercury vapour lamp 11 which emits UV light 13 having a wavelength of 360 nm 

35 The UV light reaches the drop via an aperture 15 in the heating stage and via glas plate 3. As a result of the 
exposure the oriented monomer molecules in the drop are polymerized, thereby fixing the orientation The 
drop is subject to shrinkage caused by the polymerization, which will cause the metallized glass plate 7 to 
become curved. This curvature is recorded by means of an interferometer 17. The curvature of the 
metallized glass plate is a criterion of the amount of shrinkage. 

40 The Table lists the results of the polymerization-shrinkage measurements. Column 2 lists the linear 
shrinkage when no external magnetic field is applied; columns 3 and 4 list the linear shrinkage parallel and 
perpendicular, respectively, to the molecular axis when an external magnetic field is applied, and column 5 
lists the volume shrinkage. The volume shrinkage can be calculated from the individual values of the three 
main directions. By way of comparative example, the Table lists the measured values of an allied non-liquid 

45 crystalline monomer, namely Diacryl 101 (Akzo). This monomer is shown in formula 15 of the formula 
sheet. 
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Table 



Material 


Linear shrinkage (%) 


Volume 
shrinkage % 


unoriented 


oriented 


// mol. 
axis 


J_ mol. 
axis 


Monomer acc. to formula 2 


2.1 


3,9 


1,2 


6.3 


Diacryl 101 


4,0 


4.0 


4.0 


12.0 



75 



20 



Measurements have shown that the linear shrinkage is small when liquid crystalline monomers are used 
to whic^no eTma, field of force is app.ied. and that after the application of an external! M 
brings about additional orientation, in particular the linear shrinkage perpend.cu.ar to J^^TZ^i 
very small. By choosing the direction of orientation, a surface can be elected havng v ' smaj 
shrinkage in both directions. According to the Table, the linear shrinkage ,n sa.d surface upon polymeria 
tion at 100° C will not be 4% as in the case of Diacryl 101 but only 1.2%. 



Claims 

1 A method of bonding two bodies using an adhesive, in which adhesive is applied between the . two 
bodies which are then positioned relative to one another, after which the adhes.ve ,s made to cure, 
characterized in that the adhesive comprises liquid crystalline monomers. 

rrmethod as claimed in Claim 1. characterized in that a di-(meth)acr y .ate .s used as the l.qu-d 

Cry f T mXTas claimed in Cairn 1 or 2, characterized in that the liquid crystalline monomers are 
oriented by an external field of force before the adhesive is left to cure 

4. A method as claimed in Claim 1. 2 or 3. characterized in that curing « earned out by means of 

eX T r :^Z^V comprising at least two parts, at least two parts of which ^e bond- by means of 
35 an adhesive bond, characterized in that the adhesive bond compnses an onented polymer. 
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R' R* R* 

(1 ) CH 2 =C-C-0-(CH 2 ) -(A) n -<^-B-®-B-<0)-(A) n -(CH 2 ) m - O-C-C = CH 2 

RO ° R 

0 0 

(2) CH2=C- C-0-(CH 2 )-0-®-C-0-(0>-0-C-(0>-0-(CH 2 ) -0-C-C=CH 2 

CH 3 8 0 CH 3 

A A 

(3) CH 2 -CH- CH 2 -0- X- M-X- 0- CH 2 -CH-CH 2 



U) ^H 2 -h (5)^CH 2 f^ 0- (6)4CH 2 -CH 2 -0+ p 

0 0 
(7) 4 CH^ 0-C- (8) 4CH 2 -^ C-0- 

0 

(9) -<o>- c-o-®- (10) -<o>-<5> 

o o 

(11 ) -<o>- CH = N -<o>- ( 12 ) -<o>c-o-(o>o-c-<o> 



(13) CH 2 = CH-O-X-M-X -0 -CH = CH 2 
(14a)HS-X-M-X-SH 

(14b) CH 2 = ch-x'-m'-x , -ch=ch 2 

CH 3 

(15)CH 2 =C- C-0-(CH 2 ) 2 -0- (0> C -<0>-0-(CH 2 ) 2 - O-C-C -CH 2 
CH 3 0 CH 3 0 CH 3 

2-IL-PHN 12725 
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jj f2H 5 

(16) <SVc-c-oh 

C2H5 
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R 1 R 1 

{1 ) C« 2 -C-C-O- CCH^ m -(A) n - <^-B-<Q>-B-<0>- ( A] n -(CH 2 ) m - O-C-C <CH 2 

R 0 OR 

0 D 

{2)CH2=C- WMCH 2 ) 5 0'<£>- C~0'<0>-G-l!-<0>-D (CH 2 ] -0-C-C=CH 2 
CH 3 B 5 0 CH 3 

0 0 

/ \ / \ 

(3) Ctt 2 -CH- CH 2 0- X- M-X-0- CH 2 -CH-CH 2 



{4) ^ (5Hch 2 ^ 0- (6 )4CH 2 ^CH r D+ p 

(7) 4CH 2 4- p D-C- (8) 4CH 2 ^ 1-C- 

0 

(9) -<o> c-o-<o> (10)^2HD- 

.0 D 

(11 ) -^y CK - H -<D>- ( 12 ) -^lU^C L-®- 

(13) CH 2 = CH-0-X-M-X-C -CH=CH 2 

(14a)HS-)f-H-X-SH 
(Ub)CH 2 = CH-X-M L X-CH=CH 2 

CH 3 

(15 ) CH r C - jHMCH 2 ) 2 -0 - <0> f -(E)- 0-tCM 2 I 2 - 0-j -C - CH 2 
CH 3 Q CH 3 0 CH] 

2-EQL-PHN 12 725 
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OCH3 



0CH 3 
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